Varicella-zoster virus (VZV) is a causative agent for shingles and herpes zoster. The genomes of VZV contain five reiteration (R) sequences and an origin of replication (ORI) sequences composed of tandem repeats whose numbers vary among different strains. Variation of the genome lengths among VZV strains could be attributed by the lengths of R sequences. There was a strong correlation between the lengths of VZV genome and R sequences, while variation of ORI did not contribute the variation of VZV genome length. The high G+C contents of The R sequences in ORF11, 14 and 22 influenced the codon usage of VZV in these ORFs. None of the most frequent 5 codons in R sequences was included in the top 5 most frequent codon in ORF11-14-22 or VZV genome, and vice versa.
INTRODUCTION

Varicella
Coding region of the VZV genomes consists of 74 open
reading frames (ORFs) and account for about 91% of the genome. VZV genome has been noted to be highly conserved (4~7). The herpesviruses in that the natural mutation rate was estimated to range between 10 -6 and 10 -7 substitution/ site/year (8, 9) , while that of herpes simplex virus type 1 ranged between 10 -4 and 10 -5 substitution/site/year (7, 9) .
Furthermore, the lengths of the VZV genomes are relatively constant compared to other herpesviruses. Many ORFs are invariant in their lengths among strains. Some ORFs with variable lengths contain reiteration (R) sequences.
VZV genome contains 5 R sequences, R1 to R5 (2, 10) .
R1, R2 and R3 are located in ORF 11, 14, and 22, respectively. R4 and R5 are located in noncoding region, R4 between ORF 62 and origin of replication (ORI) and R5 between ORF60 and ORF61. As noted for the Oka strains (10), the R sequences were found to vary not only
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Original Article among the strains but within a strain (11, 12) . Not much is known about the functions of R sequences.
Another variable region in the VZV genome is ORI. ORI is located between ORF62 and ORF63 in IRS, corresponding to 110,166~110,263 bp of the reference strain Dumas (2) . A basic motif of tandem TA repeats followed by tandem GA repeats is flanked by 30 bp at 5' and 22 bp at 3'. The numbers of TA and GA repeats are varied among the VZV strains (11) . Reverse complementary sequence of ORI is repeated in TRS, between ORF70 and ORF71. In this study, variable regions such as R and ORI sequences were characterized using the complete genomic DNA sequences of 50 VZV strains from GenBank database.
MATERIALS AND METHODS
VZV genome DNA sequences
Complete genomic DNA sequences from 50 VZV strains were retrieved from NCBI GenBank database. Table 1 . Although LAX1 was considered to be clade 2 strain (13, 14) which includes Korean and Japanese strains, it contained 4 copies of 42 bp element. Thus, among the 11 clade 2 strains, LAX1 strain was the only one with different R2 pattern from the others.
Identification of reiteration (R) and replication origin (ORI) region
R3 sequences consisted of repeating copies of 9 bp elements and are located at the 3' half in ORF22. The consensus sequence of the 9 bp element was GC/tCCGC/ tG/cCA/g (lower case stands for minor deviation of the consensus). The number of repetition (n) varied tremendously among the strains as noted by Tyler et al. (11) . In fact, the CV (coefficient of variation) value of R3 was calculated to 1.33, largest among the CVs of 5 R sequences (Table 1 ). The strain 03~500 contained the most repetition with n = 73, while vOka contained the least repetition with n = 3. SuduVax contains 11 copies of the 9 bp elements while both VarilRix and Varivax contain 8 copies.
R4 and R5 were located in non-coding region. R4 was repeating 27 bp elements (consensus: CCCCGCCGATG-GGGAGGGGGCGCGGTA) followed by its partial 11 bp element. One copy of R4 (R4a) SuduVax contained 3 copies of the 27 bp element. 
Characteristic codon usage in VZV genome and R sequences
Examination of the R sequences revealed several characteristic features. At nucleotide level, R sequences were highly GC-rich. While the average G+C content of VZV genomes was 46.05%, the average G+C content was calculated to be 70.41 ± 0.56% for R1, 75.24 ± 0.64% for R2, 84.46 ± 2.59% for R3, 81.5 ± 0% for R4 and 45.3 ± 0.41% for R5 (Table 3) . Three of the R sequences, R1, R2 and R3, are located in ORF. Thus it was expected that the high G+C content might affect biased codon usage in R sequences. In order to test this possibility, the frequencies of the 64 codons were determined from R1, R2, R3, and concatenated R1-R2-R3. For comparison, codon frequencies were also obtained from concatenated ORF11-14-22 where R sequences are located. The codon frequencies of the entire genome were also obtained from the concatenated all ORFs.
The 3 most prevalent codons in R sequences were found to be GAG (for Glu, 17.54%), followed by CCC (for Pro, 13.97%), and GCG (for Ala, 12.84%) ( R3 is located in ORF22 coding for the largest VZV protein, the inner tegument protein (20, 21) . ORF 22 is conserved throughout the herpesviridae. In other herpesviridae, pUL36 which is equivalent of VZV ORF22, contain two large stretcher of proline-and alanine-rich sequence.
In VZV, 9-bp repeat unit G/CCC/GCG/CA contained proline (CCC) and alanine (GCG) residues which provided proline-and alanine-rich sequence in ORF22.
